Abstract: Early signs of acute ethylene glycol (EG) poisoning are similar to ethanol intoxication. However, such signs of EG poisoning are followed by severe metabolic acidosis, increased anion gap, neurological and renal dysfunction, and, without adequate therapy, up to 40% mortality. Early recognition and treatment with intravenous ethanol or fomepizole and bicarbonate, renal replacement therapy, and supportive measures are the key elements of survival. We report a patient presenting in a coma with a metabolic acidosis on admission of pH 6.89, an increased anion gap of 29 mmol/L, and acute renal failure after the ingestion of an unknown quantity of EG. Intravenous bicarbonate and fluids and other supportive measures such as intubation, mechanical ventilation and vasopressors were started immediately. EG poisoning was confirmed by the finding of EG in the urine by gas chromatography. Intravenous ethanol and renal replacement therapy were started. The duration of ethanol infusion was guided by the serum pH and anion gap. After a long in-hospital stay, the patient survived with complete neurological recovery but mild renal dysfunction, confirming that, despite the late start of agressive intensive treatments, survival, and even nearly complete recovery, is possible in cases of severe EG poisoning. In addition, the case suggests that serial pH measurements are satisfactory guides for the duration of intravenous ethanol and bicarbonate therapy.
Introduction
In adults acute ethylene glycol (EG) poisoning is most often the consequence of either suicidal or accidental ingestion of antifreeze fluid [1] [2] [3] . EG is not toxic by itself, but its metabolites glycolic, glyoxilic, and oxalic acid are toxic. The lethal dose of EG for an adult is 1.4 -1.5 ml/ kg body weight, but survival has been reported by Eder et al. after ingestion of 0.27-2 L of EG [4] .
Within the first 12 hours, neurological impairment such as confusion, drowsiness, coma and brain edema predominates; 12-24 hours after acute poisoning, tachycardia and cardio-pulmonary failure are most prominent. Twenty-four to 72 hours after acute poisoning, acute renal failure with calcium oxalate crystalluria develops [2, 4, 5] ; metabolic acidosis, with a huge bicarbonate deficit and a prominent anion and osmolal gap in the absence of methanol and ethanol poisoning, predominate. In addition to coma, metabolic acidosis and an increased anion gap are among the most important risk factors for adverse outcome in EG poisoning [2] [3] [4] [5] . Severe acute EG poisoning may be lethal without appropriate early treatment consisting of intravenous fluids, ethanol or fomepizole, and bicarbonate and renal replacement therapy [2] [3] [4] [5] . EG poisoning can be confirmed by demonstrating EG or its metabolites in serum and/or urine by gas chromatography [4] [5] [6] .
We report a patient after an acute unintentional life--threatening EG poisoning, emphasizing early diagnosis and treatment.
Case report
A 61-year-old homeless man was found comatose after drinking heavily for days. The type and amount of alcohol was unknown. He was admitted to the intensive care unit (ICU) in deep coma (Glasgow coma scale 3). He was afebrile, breathing spontaneously at a rate of 30 breaths per minute; the blood pressure was 200/120 mm Hg, and the pulse 115 beats per minute. The skin was dry, pulse oximetry while the patient was breathing ambient air was 95%, and the pupils were symmetrical and nonreactive to light, with a diameter of 1 mm. Physical examination of the lungs, heart, abdomen, and extremities was within normal limits. On a standard electrocardiogram (ECG), atrial fibrillation with a ventricular rate of 116/minute was present. Besides coma, no clinical signs of lateralisation were observed. On admission, continuous ECG monitoring was started. Arterial, central venous, and urinary catheters were inserted to measure systemic arterial pressure continuously, central venous pressure every 4 to 6 hours, and diuresis hourly. Chest radiographs revealed pulmonary venous congestion and diffuse pulmonary infiltrations. Laboratory data on admission are displayed in Table 1 . To protect the airway, the patient was intubated and afterwards mechanically ventilated (CMV, FiO 2 30%). The patient received fluids and bicarbonate intravenously because of profound metabolic acidosis. Severe metabolic acidosis, hyperventilation, and an increased anion gap raised the suspicion of acute poisoning. The normal serum lactate level and absence of serum ethanol and methanol levels raised the suspicion of acute EG poisoning, particularly after calcium oxalate crystalluria was demonstrated. To confirm the suspicion of EG poisoning, samples of urine, serum and gastric lavage fluid were tested for EG by gas chromatographic mass spectrophotometric assay, which was performed at an outside reference laboratory. The results were obtained in 2.5-3 hours and confirmed acute EG poisoning by the presence of EG in the urine, but not in the plasma or the gastric lavage sample. Immediately after EG poisoning was confirmed, an intravenous infusion of 10 % ethanol (loading dose 1g/kg, maintaining dose 100 mg/kg/minute) was started to maintain the serum ethanol level above 100 mg/dl. Despite an intravenous fluid load of several liters in the first few hours, hypotension developed. Intravenous noradrenaline was started to achieve normotension. Instead of continuous venovenous hemodialysis, continuous venovenous hemofiltration (CVVH) was started.
In the first 24 hours a normal pH was achieved by the intravenous administration of 750 ml of bicarbonate, but anuria and an increased level of serum creatinine developed. A peak creatinine level of 570 µmol/L was reached after a week. Intravenous noradrenaline was necessary for only 24 hours; after 3 days intravenous ethanol and bicarbonate were discontinued, when serial pH measurents were within normal limits ( Figure 1 ). Laboratory data within the first 96 hours are displayed in Table 1 .
After a total of 15 days, CVVH, which was performed at the patient's bedside in the ICU, was replaced by intermittent hemodialysis, at the point when mechanical ventilation was also stopped. Mechanical ventilation had been necessary for 14 days owing to acute respiratory failure that resulted from concomitant aspiration pneumonia, which was successfully treated by antibiotic therapy. Coma was present for weeks. Neurological status was regularly checked by a neurologist and by electroencephalography (EEG), which was slightly abnormal, showing only irregular recordings and slowed activity. Gradually, the patient regained consciousness. Three weeks after admission, he was able to communicate nonverbally by eye contact; he was oriented, but his motor responses were still poor. He was hemodynamically stable, but he required hemodialysis 2 to 3 times per week.
After 5 weeks in the ICU, his neurological condition continued to improve, and he was discharged to the nephrology ward, where his renal function improved. The serum creatinine level decreased to 219 µmol/L, his diuresis improved to 1500-2000 ml daily, and hemodialysis was discontinued. The patient's neurological function recovered completely by discharge, when he was oriented to person, place, and time. He did not have any deficits in naming, reading, or writing or in immediate, short-term, and remote memory, except for retrograde amnesia for a few days prior to admission. No impairment of the visual fields bilaterally were found. Pupillary responses to both light and eye movements in all directions were normal, as well as facial strength and hearing for finger rubs. Bilateral muscle strength testing was nearly normal, as were tests for pronator drift, finger tapping, finger-to-nose and heel-knee-shin performance, tandem gait, and walking on the heels. Plantar, patellar, ankle reflexes were within normal limits. Testing for light touch sensation in all four limbs, including simultaneous stimulation and vibration testing, were normal as well.
Before discharge, atrial fibrillation converted to sinus rhythm, and newly diagnosed hypothyroidism was treated with levothyroxine.
After discharge, he was living comfortably at a shelter for the homeless, returning frequently to the outpatient clinic for renal function tests that improved even further as his serum creatinine decreased to 130 mmol/L, and a renal ultrasound examination was normal several months after discharge.
Discussion
In our patient the serum pH level was the key marker for the diagnosis and duration of treatment with intravenous bicarbonate and antidote ethanol. Calcium oxalate crystalluria was an additional factor in the decision to perform specific chromatographic testing. Calcium oxalate crystals in the urine are the result of EG degradation to glycolic, glycosilic and ocsalic acid. The crystals are deposited in the kidneys and other organs (myocardium, liver, central nervous system, etc.), resulting in organ damage. They appear in the urine several hours after the ingestion of EG [2, 4, 5] .
Clinical signs and symptoms in our patient -coma and hyperventilation -are typical results of severe metabolic acidosis, which is present in severe EG poisoning, along with an increased anion gap. As no history of EG poisoning was available, other causes of coma and hyperventilation were considered first and then excluded. Brain infarct or hemorrhage were excluded by a normal neurological examination, and acute ethanol poisoning was excluded by the absence of ethanol in the serum. Finally, gas chromatographic mass spectrophotometric assay to demonstrate EG in plasma, urine or a gastric lavage sample was performed in order to confirm the high clinical suspicion of EG poisoning and justify the start of intravenous ethanol therapy, in addition to intravenous bicarbonate, renal replacement therapy, and other supportive measures.
In our patient, EG was discovered in the urine, but not elsewhere. A positive urine test for EG suggested that the ingestion occured more than 12 hours before admission, owing to EG pharmacokinetics [1] [2] [3] [4] [5] 7] . When there is a late presentation and an unclear history, EG poisoning is difficult to confirm by laboratory testing, as plasma EG concentrations may become normal late in the course of EG intoxication [6] . At late presentation, EG in the urine or EG metabolites in plasma are more likely to be present [2, 3, 6] . Most hospitals, however, measure plasma EG and not its metabolites, which are, in fact, increased at late presentation with a dramatic clinical picture [2, 6] .
The use of gas chromatographic mass spectrophotometric assay to demonstrate plasma EG is not widely available. It is most frequently performed at a reference laboratory [6] . In our case, this laboratory was about 130 km from our hospital, and every plasma and urine sample had to be transported for at least an hour before the test could be performed. Therefore, after the confirmation of EG poisoning as the cause of the dramatic clinical situation, serial measurements of pH and anion gap seemed more reasonable and practical in deciding to treat the patient by intravenous ethanol and bicarbonate (Figure 1) . Case reports and case series on EG poisoning have demonstrated that neurological dysfunction with coma in the acute phase of EG poisoning is the result of brain edema caused by severe metabolic acidosis and calcium oxalate crystals deposited in the brain. That can be visualized on a computed tomographic (CT) scan as hypodensic areas in the basal ganglia, mesencephalon, thalamus and pons [2, 8] . Some authors have reported that in most survivors, cerebral lesions on CT and clinical signs of neurological dysfunction have resolved [8] .
Other authors have reported permanent brain damage of differing magnitude, even up to 55%, in severe cases of EG poisoning despite early rapid specific therapy [2, 8, 9] . Permanent neurological impairment consists mostly of peripheral sensomotor neuropathies [2, 8, 9] . In our patient with deep coma in the first weeks, the neurological impairment improved gradually, with complete recovery. In the first few days, we performed neither CT nor magnetic resonance imaging (MRI) as the patient needed intravenous noradrenaline and simultaneous CVVH to achieve and maintain normotension. Lateralisation was excluded by neurological clinical evaluations at bedside and by EEG recording, which was only moderately abnormal. As the urine test was clearly positive for EG, serial neurological clinical examination excluded any lateralisation, and since progressive neurological improvement was observed, we concluded that the data provided by an early CT or MRI would not drive any further therapeutic action. The complete recovery observed in our patient has been previously observed in other case reports [10] .
In our patient, we used the recommended dosage of intravenous ethanol (10% solution of ethanol in 5% glucose) [2, 3, 9] . Ethanol successfully prevents degradation of EG into toxic metabolites and promotes elimination of nonmetabolised EG from the kidneys in 17-20 hours [2] [3] [4] . As an antidote, fomepizole is considered safer and more effective than ethanol. Unfortunately, fomepizole was not available in our unit [1] [2] [3] 5] .
In severe acute EG poisoning, fighting severe metabolic acidosis with a large amount of intravenous bicarbonate, as we did, is most important. Preventing metabolic acidosis means prevention of vasodilation, negative inotropic effect, transfer of toxic metabolites across cellular membrane in the brain, and cerebral depression [1] [2] [3] 9] . Early renal replacement therapy, in addition to intravenous bicarbonate and other supportive measures, accelerates elimination of EG and its metabolites, thus preventing metabolic acidosis [1] [2] [3] . The choice of early renal replacement therapy was CVVH at presentation due to the hemodynamic instability; CVVH is used in most cases of acute renal failure in hypotensive, critically ill patients, as demonstrated in a survey of acute renal failure in intensive care settings from 2007 that was published in 2010 [11] .
There are no clear data regarding the optimal duration of ethanol therapy, in particular when Intravenously administered ethanol and bicarbonate are combined with renal replacement therapy [2, 4, 5, 7] . In our patient, the response to treatment was most important to decide when to stop intravenous ethanol. The most important markers were pH and the magnitude of the anion gap. As soon as those two factors were normal, we stopped ethanol administration.
Our case confirms the observations of other authors that treatment of acute EG poisoning can be successful if it is performed agressively, even in cases of late presentation (more than 12 hours after acute poisoning). Accurate diagnosis of EG poisoning is established by clinical signs such as neurological dysfunction and hyperventilation, combined with evidence of severe metabolic acidosis and an increased anion gap [1] [2] [3] [4] . If the history of EG poisoning is unclear, gas chromatographic mass spectrophotometric assay can demonstrate plasma or urinary EG or EG in the gastric lavage sample. At late presentation, EG can be demonstrated by chromatographic assay in the urine. In addition, our case suggests that in the treatment of severe acute EG poisoning, serial pH and anion gap measurements are a satisfactory guide for the duration of intravenous ethanol and bicarbonate therapy.
